A detailed airborne magnetic and gamma-ray spectrometric as well as ground gravity survey in the south-western part of the Moldanubian Zone (Bohemian Massif) provided detailed geophysical characteristics of the principal geological units and large-scale tectonic features. The Knížecí Stolec durbachitic pluton with high contents of natural radioactive elements (Th, U and K) represents a body with no magnetically anomalous response but a pronounced positive gravity anomaly. The Křišťanov granulite massif, which is a host rock of the Knížecí Stolec pluton, exhibits low concentrations of Th and U, high abundances of K, slight magnetic and a negative gravity anomalies. The Plechý composite pluton is characterized by strikingly low gravity and an extremely monotonous magnetic field. One of its petrographic varieties (the Třístoličník granite) is enriched in natural radioactive elements, especially in Th and U. Metamorphic complexes of the Monotonous and Varied groups contain multiple magnetic anomalies mostly related to the intercalated metabasic rocks; they also cause positive gravity anomalies. The Linsser density boundaries at a depth of 0.5 km clearly delimit the Plechý composite pluton and the Lhenice zone and indicate several structurally and/or lithologically different domains within the Křišťanov granulite massif and in the Knížecí Stolec pluton. The 2.5D gravity model indicates an asymmetric shape of the Knížecí Stolec pluton, which is deepest in its SE part (at least 4 km). The joint interpretation of the geophysical and structural data revealed that the maximum depth of the pluton is c. 4.5 km, with gently to moderately dipping intrusive contacts in the north and subvertical orientation in the south. The asymmetric shape of the pluton is consistent with its inferred syn-tectonic emplacement coeval with the regional subvertical contraction and development of regional flat-lying fabric. The gravity model combined with structural analyses also implies a considerable depth of the south Bohemian granulite massifs. This indicates their steep exhumation path and is at variance with the model of the Moldanubian Zone as a sequence of flat-lying nappes. The south-western part of the studied area is reworked by the NE-directed compression, referred to as the ‛Bavarian' deformation phase.
Introduction
The exact 3D architecture of high-grade metamorphic complexes provides key knowledge required to unravel deep-crustal responses to collision processes. The collision-related magmatic activity may lead to voluminous mass transfer in these deep-seated domains. Quantitative estimates of the vertical extent of the currently exposed plutons provides a constraint for the extent of this mass transfer, while identification of emplacement mechanisms and regional deformation explains how the transfer took place (e. g. Améglio and Vigneresse 1999; Cruden et al. 1999; Verner et al. 2009 ).
In this context, particularly suitable for unravelling the orogenic mass transfer processes seems the SW part of the Moldanubian Zone (Bohemian Massif), which belongs to the internal zone of the European Variscides (e. g. Franke 2000) . In particular, it well preserves older Variscan steep fabrics and exhibits complex lithological composition arising from juxtaposition of middle and lower crust, accompanied by numerous granitoid intrusions (e. g. Verner et al. 2008; Franěk et al. 2011a) . In this area crop out felsic granulites of the Křišťanov and Blanský Les massifs of the high-grade Gföhl Unit, surrounded by amphibolite-facies migmatites and migmatized paragneisses of the mostly metasedimentary Drosendorf Unit.
These metamorphic complexes were intruded by the Carboniferous Knížecí Stolec and Plechý plutons.
In this paper we present results of multidisciplinary research of SW Moldanubian Zone based on geophysical and field structural data. The geophysical research embraced the airborne gamma-ray spectrometric and magnetic as well as ground gravity surveys, mostly on a scale of 1:25,000. Field structural analysis on a regional scale was focused on multiple brittle to ductile fabrics in high-grade metamorphic rocks and related granitoid intrusions. The newly obtained data underline the distinct geophysical signatures of principal geologic units and provide further information essential for better understanding the lower-to mid-crustal structures and general geodynamic evolution of the south-western part of the Moldanubian Zone.
Geological setting
The Moldanubian Zone represents exhumed lower-to mid-crustal rocks of the internal part of the Variscan orogen in Bohemian Massif (e.g. Schulmann et al. 2009 ). This complex consists of two major units with contrasting tectonometamorphic evolution. The midcrustal rocks (migmatites and migmatized paragneisses) are termed the Drosendorf Unit and the lower-crustal rocks (felsic migmatites, orthogneisses, felsic granulites and small (ultra-) basic bodies) are denoted as the Gföhl Unit. The regional framework of the Moldanubian Zone resulted from several Variscan geodynamic events (e.g. Vrána 1979; Žák et al. 2005; Büttner 2007; Schulmann et al. 2008 Schulmann et al. , 2009 Verner et al. 2008 Verner et al. , 2009 Franěk et al. 2011a, b) . Crustal thickening (~350-341 Ma) was followed by rapid and polyphase exhumation of lower to mid-crustal rocks associated with large-scale migmatization and regional HT-LP metamorphic overprint at ~341-329 Ma (Kalt et al. 1999 (Kalt et al. , 2000 Schulmann et al. 2005 Schulmann et al. , 2008 Verner et al. 2008; Žák et al. 2011) . The youngest geodynamic event was connected with dextral WNW-ESE and NNE-SSW shearing (so-called 'Bavarian phase ', Brandmayr et al. 1995; Finger et al. 2007; Verner et al. 2009 ). The complex tectonometamorphic history of the Moldanubian Zone and its marginal units was also accompanied by several phases of extensive magmatic activity (see Holub et al. 1995 and Finger et al. 1997 ): (i) emplacement of metaluminous, calc-alkaline and high-K calc-alkaline, I-type plutons (e. g. the Central Bohemian Plutonic Complex; ~370-345 Ma; Holub et al. 1997; Žák et al. 2005; Finger et al. 2010; Janoušek et al. 2010) ; (ii) intrusion of the ultrapotassic, magnesium-rich magmas (e. g. the Knížecí Stolec pluton; ~343-335 Ma; Holub 1997; Janoušek and Holub 2007; Verner et al. 2008) ; and finally, (iii) polyphase emplacement of large volumes of peraluminous, S to S/I type granitoids of the Moldanubian Batholith (~332-326 Ma; see Žák et al. 2011 
for a review).
Based on the lithological composition, the mid-crustal metamorphic rocks of the Drosendorf Unit are traditionally divided into the Monotonous and Varied groups. The Monotonous Group predominates in the study area ( Fig. 1) and consists of paragneisses with minor intercalations of quartzites and amphibolites. In contrast, the paragneisses of the Varied Group contain numerous intercalations of amphibolites, marbles, calc-silicate rocks, orthogneisses, quartzites, and graphitic gneisses (e.g., Franke 2000) . The P-T conditions of the regional metamorphism of the Drosendorf Unit were estimated at 630-720 °C and 0.3-0.8 GPa (e.g. Linner 1996; Petrakakis 1997) .
Granulite massifs form ~15 × 20 km coherent bodies of variably retrogressed felsic granulites, locally bearing boudins and intercalations of serpentinized peridotites, eclogites, and mafic granulites (Fig. 1) . Peak metamorphic conditions of the granulites were established in the Blanský Les massif at ~900-1000 °C and ~1.6-2.0 GPa (for a review see Kröner et al. 2000; Franěk et al. 2011b ). The more retrogressed granulites of the Křišťanov massif were recently examined in detail by Verner et al. (2008) , who revealed early stages of retrograde overprint at 831 ± 69 °C and 1.11 ± 0.16 GPa. The composition of later retrograde minerals indicates P-T conditions of their growth as 768 ± 76 °C and 0.75 ± 0.18 GPa (Verner et al. 2009 ). Numerous geochronological studies from the south Bohemian granulites indicate metamorphic ages of c. 340 Ma, along with a few exceptions of older ages (e.g. van Breemen et al. 1982; Wendt et al. 1994; Kröner et al. 2000; Svojtka et al. 2002; Janoušek et al. 2006) .
Magmatic rocks of the Knížecí Stolec pluton (porphyritic amphibole-biotite melasyenite to melagranite; referred to as ‛durbachite' here) are geochemically specific, characterized by high contents of Mg, K, Cr, Ni, Rb, Cs, U, and Th. These are compositionally and geochemically homogeneous, relatively rich in SiO 2 (56-62 wt. %) but are magnesian (MgO 5-9 wt. %, 100Mg/(Mg + Fe tot ) 51-54) and ultrapotassic (K 2 O 6-7 wt. %, K 2 O/Na 2 O ~ 4; see Verner et al. 2008 for details). Crystallization age of durbachites of the Knížecí Stolec pluton was determined at c. 341 Ma (Verner et al. 2008) . In general, petrogenesis of these ultrapotassic rocks has been interpreted as being a result of mixing of variable proportions of magma generated from anomalous domains of the lithospheric mantle and lower continental crust (Holub 1997; Gerdes et al. 2000) .
The compositionally zoned Plechý (Plöckenstein) pluton is composed of four varieties of peraluminous Eisgarn-type granites: (i) Coarse-grained Haidmühle granite in the SW part of the pluton, (ii) porphyritic Třístoličník granite (crescent-shaped unit in the central part of the pluton), (iii) coarse-to medium-grained, weakly porphyritic Plechý granite in the NE part of the pluton, and (iv) fine-to medium-grained Marginal granite (small irregular body at the SE margin of the pluton). The major-element contents are similar in the four granite varieties (for a brief geochemical description see Breiter et al. 2007 and Verner et al. 2009 ): 71-74 wt. % SiO 2 , 0.1-1.9 % FeO tot , 0.1-0.7 % MgO, 0.4-1 % CaO, 1.9-4 % Na 2 O, 4-6.2 % K 2 O and 0.1-0.4 % P 2 O 5 . However, all the varieties vary in the trace-element compositions (Verner et al. 2009, fig. 3d ) indicate that U and Th contents decrease from the Třístoličník (Dreisesselberg) (Th 18-65 ppm, U 4-26 ppm) through the Plechý and Haidmühle to the Marginal granite (Th 3-9 ppm, U 1-5 ppm). The pluton intruded several types of metamorphic and older plutonic rocks at ~328 to ~321 Ma (Siebel et al. 2008; Verner et al. 2009 ).
Geophysical methods
The Czech part of the studied area was covered by ground gravity and airborne magnetic and gamma-ray spectrometric surveys, both on a scale of 1:25,000. Adjacent German and Austrian territories were covered by gravity surveys on a scale of 1:100,000; the Austrian region was also mapped by detailed airborne magnetic and gammaray spectrometric surveys on a scale of 1:20,000. The airborne geophysical survey on the Czech part of the area was carried out in 2008-2009 along parallel flight lines in the NW-SE direction at intervals of 250 m. The perpendicular tie-lines were located at a distance of 2500 m. A fixed-wing AN-2 airplane flying at an average speed of about 140 km/h with a ground clearance of 80 to 100 m carried the geophysical apparatus. One-second frequency of the measuring of all the geophysical and positioning data permitted recording each of them for 38-40 m along the flight lines. Gamma-rays emitted from the Earth's surface were detected by a 33.6-litre NaI(Tl) ‛down-looking' detector, cosmic and atmospheric radon radiation by a 4.2-litres NaI(Tl) ‛up-looking' detector. All the gathered gamma-rays were analyzed by the Exploranium GR 820D 256-channel airborne gamma-ray spectrometer. Location data were collected using Leica GPS System 1200. The total magnetic field intensity (T) was measured by the Geometrics G 823A high-sensitivity caesium-vapour magnetometer. The magnetic sensor was fixed to the edge of the right wing of the airplane.
The airborne geophysical survey on the Austrian territory employing similar technology was completed in 2008. The measurement was performed using a PicoEnvirotec GRS-410 256-channel gamma-ray spectrometer with identical volumes (33.6 and 4.2 litres) of the ‛down-' and ‛up-looking' NaI(Tl) detectors. The magnetic field values were also measured by the Scintrex CS-2 caesium-vapour magnetometer. A differential Max CSI GPS ensured the correct location of the data (for details see Motschka 2001) .
The standard processing of the aeromagnetic data including diurnal variation subtraction and normal geomagnetic field reduction resulted in a map of the ∆T magnetic anomalies. The raw gamma-ray spectrometric data (impulses per second) were subjected to more complicated processing consisting in background subtraction, Compton-scatter correction, attenuation correction of the gamma-rays in the atmosphere (levelling to nominal 80 m ground clearance) and transformation of these corrected impulses to the concentrations of the natural radioactive elements -potassium, uranium, and thorium according to the results of special calibration flights. The resultant products of the airborne gammaray spectrometry include: (i) a K concentration map (in the energy window 1360-1560 keV), (ii) a U concentration map (1670-1870 keV) and (iii) a Th concentration map (2420-2830 keV) .
In addition to these three basic gamma-ray spectrometric products, other maps can be assembled, such as a map of the square activity of the caesium 137 Cs isotope (570-726 keV), of the ‛total count' gamma-activity (in the broad energy window 400-3000 keV), of the gamma air dose rate (in nGy/h) and/or of the effective equivalent dose rate (in nSv/h). Detailed information was provided by Grasty et al. (1995) and Matolín (1989) .
Gravity mapping was performed using centesimal gravimeters. The altitudes of the gravity stations were measured using technical levelling. The areal density of the gravity survey was 5 stations per km 2 on the Czech territory and ~1 station per km 2 in Germany and Austria. The relative gravity measurements were tied to the absolute gravity system. The Bouguer anomalies for the reduction density of 2.67 g•cm -3 were calculated from the standard data processing. Separation of the Bouguer anomalies into two components resulted in maps of the regional and residual gravity anomalies. Application of Linsser filtering (Šefara 1973 ) permitted creation of a map of the density boundaries.
Structual pattern
The field structural research and analysis of the data identified a succession of three regionally important events of pervasive ductile deformation. The corresponding planar fabrics developed under amphibolite-facies conditions. The granulite massifs also reveal relicts of older foliations originating during the HP evolution. The structural pattern is described for each geological unit separately.
The Blanský Les granulite (BLG) forms the largest granulite body in southern Bohemia, covering ~278 km 2 , and exhibits sigmoidal geometry and a complex structural pattern ( Fig. 1 ; Franěk et al. 2006) . The oldest fabric developed under the granulite-facies conditions is defined by weak compositional banding. This foliation dips moderately to steeply to the W or E, being associated with strongly developed subhorizontal stretching lineation. This early fabric has been reworked extensively by amphibolite-facies mylonitic, steeply dipping foliation which dominates the granulite body. The steep foliation defines a ~18 km wide sigmoidal asymmetric fold. It is parallel to the margins of the BLG and its axial plane trends ~N-S with subvertical attitude.
The Křišťanov granulite (KG) is a horseshoe-shaped body (154 km 2 ) that crops out W of the BLG. The oldest fabric preserved corresponds to the steep amphibolite-facies foliation in the BLG. Compared to the BLG, the orientation of this fabric is less complex, defining a ~15 km wide, single, large-scale fold parallel to the margins of the massif, with subvertical axis and roughly N-S steep axial plane. This steep fabric was heterogeneously reworked by a younger ductile deformation, which resulted in the development of shallowly NW-dipping to flat-lying regional foliation associated with well developed stretching lineation plunging roughly to the N.
From a structural point of view, the rocks of the Drosendorf Unit can be divided into the Český Krumlov Varied Group SE of the granulite bodies, the predominantly monotonous Lhenice zone among the three granulite massifs and the Monotonous Group forming the western part of the studied area ( Fig. 1) . In a ~2 km wide zone around the granulite massifs, the fabrics in all the metasediments are parallel to the steep amphibolite-facies foliation inside the granulites (Fig. 1) . Further to the SE, the Monotonous and Varied groups rocks exhibit a uniform structural pattern, where the older fabric dips steeply to the NW. In the central part of the Český Krumlov Varied Group, km-scale open folds developed with moderately NW-dipping axes and axial planes dipping steeply to the NE below the BLG. Towards the SE, these folds diminish and the rock fabrics follow a common NE-SW regional trend. The steep fabrics were intensively overprinted by flat-lying foliation that also dips predominantly to the NW. Further, in the westernmost part of the studied area, this flat foliation is overprinted by crenulation cleavage with axial planes dipping moderately to steeply to the ~NNE. The intensity of this overprint increases towards the SSW to the German part of the Moldanubian Zone, where this fabric becomes dominant. This youngest ductile fabric is mostly parallel to the Pfahl shear zone located more to the S. All the three regional deformational fabrics bear syntectonic mineral assemblages broadly corresponding to the amphibolite-facies conditions of deformation.
The ~340 Ma Knížecí Stolec pluton crops out in the SW part of the Moldanubian Zone (Verner et al. 2008) . The pluton intruded the centre of the Křišťanov granulite body, which was already juxtaposed against the mid-crustal metamorphic rocks of the Monotonous Group. The pluton evolved from a deep-seated cone-sheet-bearing complex followed by the nested intrusion of large magma pulse(s) into the centre of the outer sheeted complex. Margin-parallel steep magmatic fabric is interpreted to record intrusive strain during pluton emplacement. After the emplacement but prior to final solidification, the pluton was overprinted by regional flat-lying magmatic to subsolidus foliation bearing shallowly ~NW-plunging lineations. This regional flat-lying fabric indicates subvertical contraction of the Variscan orogenic root in the studied region at ~340 Ma. In the surrounding Křišťanov granulite, the P-T conditions of this flat-lying fabric formation were estimated at 768 ± 76 °C and 0.75 ± 0.18 GPa (Verner et al. 2008) .
The early Carboniferous (~325 Ma) Plechý pluton represents a typical post-collisional intrusive centre emplaced near a syn-magmatic regional WNW-ESE shear zone (the Pfahl shear zone). In a map view, the Plechý pluton has a roughly elliptical shape (24 × 16 km). Fabrics in all the varieties of the Plechý pluton are defined by shape-preferred orientation of rock-forming minerals and show no evidence for sub-solidus deformation. The magmatic fabrics are clearly discordant to the regional metamorphic foliations. The relatively older, subvertical magmatic foliation is parallel to the intrusive contact of the pluton. This fabric is heterogeneously overprinted by flat-lying to gently dipping magmatic foliation. In the southern part of the pluton (near the Pfahl shear zone), the magmatic fabric was modified into subvertical ~WNW-ESE magmatic to sub-solidus foliation associated with gently dipping lineation, subparallel to the mylonitic fabric of the Pfahl shear zone. On the basis of petrological and geochemical data, the emplacement of large volumes of porphyritic granites (the Plechý and Haidmühle facies) was followed by intrusion of the Třístoličník granite into the central part of the pluton. Finally, the outermost and the most evolved garnet-bearing type, the Marginal granite, intruded along the southeastern margin of the Plechý granite.
Geophysical patterns
The Knížecí Stolec pluton and geological units in its surroundings show notable responses in the gravity field as well as in gamma-ray activity, whereas the geomagnetic field is practically not affected by the magmatic structures. Sources of magnetic anomalies were found only in the Drosendorf Unit and the outer margins of the Křišťanov granulite massif.
Distribution of natural radioactive
elements mapped by airborne gamma-ray spectrometry
All three maps of the natural radioactive element distribution (Th, U, and K) illustrate a varied pattern of the area. The best discrimination among the individual geological bodies can be achieved in the Th and U concentration maps (Figs 2-3); lesser contrast provides the K distribution (Fig. 4) . The lowest Th and U abundances were found within the Křišťanov granulite massif. The Th concentrations are mostly lower than 8 ppm; the U contents do not exceed 2 ppm, with half of this body containing less than 1 ppm. This is in good agreement with the values found by Janoušek et al. (2004) who stated that all types of granulites, in comparison with common granitoids, are depleted in thorium and uranium. This depletion was ascribed to dehydration and/or escape of partial melts during the prograde and peak HT-HP metamorphic evolution of the granulites (Fiala et al. 1987; Janoušek et al. 2004) .
As shown by the airborne survey, the Křišťanov granulite body is relatively rich in potassium. Where the gamma rays emitted by granulites are not attenuated by ground humidity, the K concentrations exceed 3.5 wt. %. The contact of granulites with (ultra-) potassic durbachitic rocks of the Knížecí Stolec pluton is therefore not very conspicuous in the K concentration map.
The Czech part of the Plechý pluton formed by weakly porphyritic granite (the Plechý type) is also rather poor in thorium. Concentrations below 10 ppm Th (mostly 6-10 ppm) occur throughout its entire circular-shaped area. The uranium contents in this granite are above average, mostly reaching 3 to 7 ppm. The potassium concentrations are also not negligible (2-3.5 wt. %). The strongly porphyritic Třístoličník granite, which is mostly exposed in Bavaria but partly also in Austria, differs conspicuously in its radioactive properties. The concentrations of all the three elements are strikingly higher, their airborne values exceeding 40 ppm of Th, 10 ppm of U and 4 wt. % of K. Our ground gamma-ray spectrometry applied locally in the S vicinity of the Bavarian town of Haidmühle and near the Austrian village of Oberschwarzenberg on boulders of this granite revealed 10-15 ppm of U and 60-80 ppm of Th (or even 100 ppm Th, according to Breiter et al. 2007 ).
The Knížecí Stolec pluton is a remarkable body in terms of radioactivity. Its durbachitic rocks display the highest concentrations of the all three natural radioactive elements. This pluton exhibits the most contrasting pattern in the thorium concentration map because its entire surroundings are relatively poor in this element (Fig. 2) . A strong contrast against the Křišťanov granulite body is apparent in the U concentration map; a lesser difference shows the Plechý granite (Fig. 3) . Additionally, small K-Mg-rich melagranitic bodies are scattered around the main body, and also SE of Volary and near the village of Stožec. These bodies also stand out in the Th, U and K concentration maps.
Paragneisses and migmatites of the Drosendorf Unit are characterized by a moderate radioactivity. A gabbroamphibolite body situated WNW of the village of Zbytiny (<1.25 % of K, <1 ppm of U, <6 ppm of Th) is an exception, having low radio-element concentrations. In contrast, a positive anomaly is created by a belt of weakly migmatized cordierite-biotite paragneisses S and SE of the village of Chroboly (2.7 wt. % of K, 4-5 ppm of U and 14-16 ppm of Th). The gamma radiation of the paragneisses forming small occurrences on both sides of the Czech-Austrian border between the Plechý pluton and the Lipno dam lake is influenced by deluvial cover of high humidity. Thus, their radiation response is reduced, mostly corresponding to 8-12 ppm of Th, ~2 ppm of U and ~2 wt. % of K. Selected radioactive element concentration ratio maps are able to reveal some geological features, e.g. show the altered zones or accent some lithological boundaries. In the studied area, the (Th + U)/K ratio map, utilizing the distribution of all the three radioactive elements, was found to be a particularly efficient tool in tracing the geological structures (Fig. 5) . This lithogeochemical parameter is very sensitive to all the granulite bodies present. The boundary between the Křišťanov granulite massif and the Knížecí Stolec pluton is particularly sharp. In the south-western part of the Křišťanov massif, a higher degree of retrograde metamorphism leads to less distinct (i.e. higher) values of the ratio. The SW promontory of the Blanský Les granulite massif exhibits very low (Th + U)/K values. This ratio also clearly delimits the measured part of the Plechý pluton, being capable of differentiating the individual granite types present.
Airborne geomagnetic anomalies
The ∆T magnetic anomalies at a level of 80 m above the ground are depicted in Fig. 6 . All the granitoid rocks of the area are completely impassive towards the magnetic field of the Earth. This fact applies to the Plechý and Knížecí Stolec plutons and partly also to the Křišťanov granulite massif.
The Plechý pluton is characterized by monotonous, slightly negative values of the anomalous field (-20 to 0 nT). Not only the main Plechý granite, but also the strongly radioactive Třístoličník granite yield this featureless the northern margin of the pluton. The horizontal gradient of the field increases as slowly as 2 nT per 1 km in the N-S direction. The Knížecí Stolec pluton, a body richer in mafic minerals, yields slightly higher magnetic susceptibilities. Using a portable magnetic susceptibility meter we found susceptibilities of 100-300 × 10 -6 SI, which are also unable to generate conspicuous magnetic anomalies.
The southern part of the Křišťanov granulite body near the villages of Pernek, Horní Planá and Nová Pec is characterized by a slightly negative anomalous field (-10 to 0 nT). The northern part triggers magnetic field with values slowly increasing from 10 to 20 nT. However, its northern extremity seems to be influenced by a response to sources of short-wave magnetic anomalies at the boundary with the paragneiss-dominated Monotonous Group. Field measurements by a portable susceptibility meter in the NE part of magnetic field. Almost zero magnetic anomaly (-5 to 5 nT) is also produced by the fine-grained leucogranites found in the E part of the Strážný pluton (Fig. 1) . Similarly, the laboratory study of Verner et al. (2009) of 29 samples taken almost regularly from the Plechý-type granite (including the Třístoličník and Haidmühle granites) yielded very low magnetic susceptibilities of 23-99.5 × 10 -6 SI (mostly 40-60 × 10 -6 SI). The Plechý pluton thus ranks among ‛paramagnetic' granites (sensu Bouchez 1997) unable to trigger distinct airborne magnetic anomalies. Our field observations of the magnetic susceptibility using a portable susceptibility meter found values very close to 30 × 10 -6 SI in the central part of the Plechý pluton. The Knížecí Stolec pluton is also located in the monotonous magnetic field slowly increasing from values of -5 to 0 nT at the southern margin to ~10 nT and even 20 nT near SI with one exceptional value of 230 × 10 -6 SI. Magnetic anomalies exceeding 20 nT bordering the monotonous field at NW and NE margins of the Křišťanov granulite massif imply a response of partly exposed and partly covered basic to ultrabasic rocks. At the NW margin lies a belt (A1-A2, A3-A4 and A5) of amphibolite intercalations within paragneisses complemented by a circular B1 anomaly NW of the village of Zbytiny, which coincides with a gabbrodiorite intrusion. Several ultrabasic bodies are located at the NE margin. Two anomalies (C1 and C3) W of the village Miletínky and a chain of anomalies C2 between Ondřejov (N) and Hodňov (S) follow only partly exposed serpentinite lenses. Detailed geological mapping has recently revealed numerous, so far unknown X-X00 m bodies of (ultra-) basic and calc-silicate rocks located along the boundary between the Křišťanov granulite and the Monotonous Group (Verner and Franěk, unpublished data) . They can all be responsible for small-scale magnetic anomalies due to their high magnetite or pyrrhotite contents. Magnetic susceptibilities of 3500-3800 × 10 -6 SI were found on the weathered outcrop of the Miletínky serpentinite body by a portable susceptibility meter.
Similar, almost isometric magnetic anomalies appear near the southern margin of the Křišťanov granulite body in the S surroundings of Horní Planá (B2) and in the vicinity of Přední Zvonková (B3). Both their geological position at the contact of the granulite body with a metasedimentary complex as well as their shape suggest that the anomalies could be caused by small basic bodies. The source of the B3 anomaly seems to be rather shallow; it is also accentuated by a local positive residual gravity anomaly of 2 mGal (Fig. 8) . The source of the B2 anomaly is situated slightly deeper and concealed below the Lipno reservoir. As this anomaly is not accompanied by a distinct gravity high, the density of its source could be influenced by serpentinization. Geological mapping around magnetic anomaly B3 revealed an intrusion of specific pyrrhotite-rich ultrabasic rocks. Another variegated part of the field of magnetic anomalies in the N and E sectors of the area corresponds to metasedimentary complexes. Elongated anomalies are frequently caused by various intercalations within gneiss and migmatite sequences. Amphibolites prevail on both the W and the E margins of the Lhenice zone (anomalous belt D1-D2).
The Český Krumlov Varied Group contains, in accordance with the geological map of Kodym ed. (1990), amphibolites, gabbro-amphibolites, quartzites and calc-silicate rocks in the SE part of the area. Magnetic anomalies with amplitudes of c. 100 nT surrounding the village of Lenora (NW corner of Fig. 6 ) have no exposed sources. Magnetic rocks that have not yet been identified are assumed to be located at a deeper level of this paragneiss and migmatite complex.
Two anomalies with amplitudes slightly exceeding 100 nT were found in the Austrian part of the Monotonous Group (3 km E of Schwarzenberg im Mühlkreis and 2-3 km W of Schöneben). According to Krenmayr and Schnabel (2006) , Motschka et al. (2008) and Knop et al. (2008) these could reflect the presence of stoped gneiss blocks within a Weinsberg intrusion, the occurrence of ultrapotassic rocks with extremely high magnetite contents, or magnetite-rich paragneisses.
A local magnetic anomaly situated 1.5 km NNE of the village of Nová Pec is probably caused by an industrial object (a sawmill).
Gravity anomalies
The whole area of interest belongs to the negative field of the Bouguer anomalies ranging from -49 to -27 mGal, with a mean value of -38 mGal (Fig. 7) .
The Bouguer anomalies show two main regional structures of the gravity field: (a) a deep negative anomaly of -48 mGal generated by the Plechý pluton, and (b) a distinct relatively positive anomaly of -29 mGal produced by metamorphic rocks of the Český Krumlov Varied Group. The Knížecí Stolec pluton, Křišťanov and Blanský Les granulite massifs as well as metamorphic sequences of the Lhenice zone contribute weakly to the regional gravity trend.
The Moldanubian metamorphic complexes are the sources of the highest Bouguer anomaly values (Fig. 7) . They crop out in three parts of the area of interest: (a) in the NW, i.e. near Lenora and Volary, where paragneisses and migmatites generate the anomalies of -37 to -33 mGal, (b) in the Lhenice zone, formed mostly by biotite-garnet paragneisses, where the Bouguer anomalies reach values of -34 to -31 mGal, and (c) in the Český Krumlov Varied Group, where paragneisses with intercalations of carbonates and abundant amphibolites cause anomalies from -34 to -27 mGal. The N-S elongated belt of metamorphic rocks within the Lhenice zone is well traced by a chain of residual gravity anomalies reaching +2.5 to +3 mGal (Fig. 8) , which could possibly be related to occurrences of kinzigitic paragneiss that is extremely rich in garnet.
The Plechý pluton is the source of a striking Bouguer gravity low (<-43 mGal; Fig. 7 ). Its concentric pattern culminates in the extreme value of -49 mGal. In the gravimetric map, it appears as an undifferentiated structure; its individual petrographic types of distinctly different radioactivity do not trigger a diverse gravity response. In addition to the textural varieties (the Plechý, the Haidmühle and the Třístoličník granites), the finegrained leucogranites located in the N vicinity of the Plechý pluton also contribute to this gravity low. Verner et al. (2009) modelled the depth of the Plechý pluton on the basis of gravity data. For a density contrast against the Moldanubian metamorphic rocks of 0.06 and/or 0.07 g•cm -3 , they estimated its vertical extent to be 7 to 8 km below the present-day surface.
The conspicuous Bouguer gravity low of the Plechý pluton continues to the NE across the leucocratic granites to the Křišťanov granulite massif (~ -39 mGal). The partial minimum of -40 to -41 mGal is located in the northern part of the Křišťanov granulite body, where light granulites of greater thickness and higher homoge- neity are expected to prevail, in accordance with recent geological mapping and structural interpretations. The E and S parts of the Křišťanov granulite body, dominated by recrystallized granulites and granulite gneisses, are manifested by a less pronounced Bouguer gravity low of -38 to -34 mGal. The extent of the granulites is outlined very well by negative residual gravity anomalies reaching -2 to -2.5 mGal (Fig. 8) .
The Knížecí Stolec pluton triggers a relatively positive but not very contrasting asymmetric gravity anomaly. The Bouguer anomaly values gradually increase from -39 mGal in the NW (where the gravity field is still influenced by the host leucocratic granites) to the maximum of -32.5 mGal in the SE, close to Špičák hill (1221 m). This maximum (-32.5 mGal) is situated off the central part of the exposed pluton, where crop out many small durbachite sheets bordering the main body.
Residual gravity anomalies (Fig. 8) show three partial peak values: +1.25 mGal in the NW part, +1.5 mGal in the NE part and +2.25 mGal in the SE part of the pluton. The latter may correspond to its root.
The map of the Linsser gravity boundaries (Fig. 9 ) was constructed for a depth of 500 m. The distinct density boundary indications delimit the shape of the Plechý pluton formed by coarse to medium-grained porphyritic granites (with the density of 2.65 g•cm -3 ). Conspicuous density boundaries also follow the NW margin of the Křišťanov granulite massif at the contact with the Monotonous Group and the E margin at the contact with the Lhenice zone. Less distinct density boundaries separate the shallower N and NW parts of the Knížecí Stolec pluton from the deeper rooted SE part of this body.
Gravity model of the Knížecí Stolec pluton
Studies of rock densities based on 18 samples of durbachitic rocks of the pluton (Verner et al. 2008 ) yielded wet bulk densities ranging from 2.69 to 2.84 g•cm -3 . An average wet bulk density of 2.76 was accepted as a representative value for the gravity modelling. Based on 17 samples of the Křišťanov granulite massif (Verner and Franěk, unpublished data) , the wet bulk density of felsic granulites ranges from 2.65 to 2.75 g•cm -3 without any systematic dependence on the degree of retrogression. A wet bulk density of 2.67 g•cm -3 was chosen for the gravity modelling. On the basis of both the geological map and the rock densities mentioned above, a 2.5D gravity cross-section of the pluton was constructed along the 20 km long NNW-SSE trending profile. A regional NNW-SSE trend of 1.8 mGal was graphically stripped from the Bouguer anomaly. The gravity response was then modelled by the GM-SYS software (Fig. 10 ).
The gravity model shows the Knížecí Stolec pluton as an asymmetric cone-shaped body. Its northern part plunges gently to the S to SSE, while its southern part dips steeply to the N. The large surface extent of the massif narrows rapidly with depth. The root of the pluton is assumed to be in its SE part (near Špičák Hill). The gravity model takes into account the remnants of granulites documented at both the N and the S margins of the pluton.
Discussion
The geophysical methods employed in this study enabled us to evaluate the content of natural radioactive elements in the investigated geological units and to examine their responses in the Earth's magnetic and gravity fields. Detailed geological mapping and structural research reduced the ambiguity in the interpretation of the geophysical data.
Gamma-ray spectrometry
The distribution of natural radioactive elements (U, Th and K) and also the derived ratio (Th+U)/K demonstrate the extent and homogeneity of the individual lithologies. The rocks of the Knížecí Stolec pluton are characterized by high contents of U and Th similarly to other durbachite bodies of the Moldanubian Zone. The striking radioactive features of durbachites were already recognized in the 1970s (Matolín 1970) and later studied by Holub (1997) with Janoušek and Holub (2007) .
On the other hand, low U, extremely low Th and high K concentrations are typical of the studied granulite massifs. In addition to the south Bohemian Křišťanov, Prachatice and Blanský Les massifs, this is also demonstrated by a granulite body within the Strážek Unit at the E margin of the Moldanubian Zone (Gnojek et al. 2010) . Lack of U and Th is a characteristic feature of Moldanubian granulites in general, for discussion see e.g. Fiala et al. (1987) , Janoušek et al. (2004) and Lexa et al. (2011) .
The radioactivity of the Plechý pluton corresponds to the group of highly fractionated Variscan intrusions of the south-eastern Moldanubian Batholith, which were studied by Breiter and Gnojek (1996) and Breiter et al. (1998) .
Magnetic pattern
An airborne magnetic survey found many local anomalies that indicate either poorly exposed or completely covered elongated or isometric source bodies. In accord with the detailed geological mapping, several (ultra-) basic intrusive bodies were identified in the Drosendorf Unit metamorphic complex. Several elongated lenses of serpentinized mantle peridotites were also identified along the outer margin of the Křišťanov granulite massif, similar to the occurrence of the ultrabasic rocks along the neighbouring Blanský Les and Prachatice granulite massifs. In the N surroundings of the Plechý and Strážný plutons (between Lenora and Volary) magnetic anomalies suggest deeper, so far unknown magnetic sources in the Monotonous Group.
Linsser indications of density boundaries
The Linsser indicators often reflect lithological and tectonic boundaries at a selected depth. In the west, the most pronounced density boundary corresponds to steeply dipping intrusive contacts of the Plechý pluton, which is consistent with the inferred steep magmatic fabric along the pluton margin (Verner et al. 2009 ). In the Knížecí Stolec pluton, the Linsser indicators define well its southern and eastern boundary, where the deepest part of the pluton is expected. This is in accordance with the steeply N to NW dipping intrusive contacts identified here by structural mapping (Verner et al. 2008 ; Fig.   1 ). In contrast, the N and W boundaries of the Knížecí Stolec pluton, weakly identified by the Linsser method, are probably characterized by strong overprint by the gently NW-dipping regional foliation. This indicates a flat geometry and shallower extent of the pluton floor in its NW part. The method also weakly indicates the outer sheeted rim at the pluton's northern margin.
In the Křišťanov granulite massif, the Linsser indicators reflect well the external boundary of the granulite, which is mostly parallel to the steeply dipping, arcuate metamorphic foliation. In addition, the Linsser indicators also subdivide the N part of the Křišťanov granulite massif into two different segments: (1) the northernmost and eastern marginal parts with somewhat higher density embracing basic to ultrabasic bodies indicated clearly by magnetic anomalies A5, C3, C1 and C2 (Fig. 6) , and (2) the inner part of lower density containing homogeneous felsic granulites. Similar density boundaries are also detected in the Lhenice zone and at the western edge of the Blanský Les massif. The N-S trend of these boundaries is supported by field structural data, which reveal 
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the same orientation of regional fabrics in this area. The density segmentations of both the Knížecí Stolec pluton and the Křišťanov granulite massif support the results of structural studies indicating their subvertical contraction and squeezing to the N.
Gravity modelling
The first estimate of the shape of the Knížecí Stolec pluton by Verner et al. (2008) suggested that it is a conical body which is symmetric around its vertical axis and rather steeply dipping inwards, under the pluton. The arrangement of the positive gravity anomaly caused by the pluton, however, indicates an asymmetric form. The gravity modelling shows that the S margin of the pluton is steeply dipping to the N and its northern shallower part is moderately plunging to the S (Fig. 10) . The relicts of the roof pendants inside the pluton are larger in its northern part. Some of them can reach both a horizontal and subvertical extent of up to 1 km. In the south, they are expected to be smaller, reaching a depth of several hundred meters. Field structural data constrain some principal features of the gravity N-S cross-section (Fig.10) . In its northern part, the boundary between the Monotonous Group and Křišťanov granulite massif dips steeply to moderately to the ~SSW. The marginal part of the granulites is intercalated with elongated bodies of amphibolites and ultrabasic rocks. The northern part of the granulite massif contains domains of highly retrogressed granulites with orthogneiss-like appearance and modal composition. The large Knížecí Stolec pluton crops out in the central part of the cross-section. Its intrusive margins are characterized by numerous cone-sheets up to 300 meters in thickness. The relatively thin granulite roof of the Knížecí Stolec pluton is exposed in its southern part, which is characterized by frequent occurrences of shallow stoped blocks of host granulites (as documented by Verner et al. 2008 and explained in Fig. 10) . The boundary of the Křišťanov massif in the southern part of the gravity cross-section dips shallowly to the ~NNW. Due to the complex structural framework in the southern part of the studied area, the extrapolation of the field data to depth is unclear.
Geodynamic evolution
The first Variscan geodynamic episode identified in the studied area relates to the exhumation of large volumes of felsic granulites (e.g. the Křišťanov granulite massif). These features are so scarce that the process cannot be defined in a precise way. The younger, subvertical, arcuate fabrics, which are well defined in the Křišťanov massif ( Fig. 1) , probably recorded rapid exhumation of granulites to mid-crustal levels (Verner et al. 2008; Franěk et al. 2011a, b) . The exhumation resulted in final juxtaposition of the Gföhl, Monotonous, and Varied units. These dominant fabrics are mostly parallel to the boundaries of the individual granulite massifs. This implies that they define the external arcuate shape of the Křišťanov massif. These deformations proceeded at minimum depths of ~30 km, as indicated by petrological evidence from the felsic granulites (Verner et al. 2008) .
The geophysical response of the Křišťanov (this study) and the neighbouring Prachatice granulite massif (Vrána and Šrámek 1999; Franěk et al. 2011a, b) implies a deep vertical reach of these high-grade rocks. In combination with the steep fabrics preserved in the granulites, this indicates large degree of preservation of their subvertical exhumation paths. In accord with e.g. Schulmann et al. (2005) , the depth of granulite massifs excludes the interpretation of the Moldanubian Zone as a sequence of flat-lying nappes rooted at a boundary of this geotectonic unit, advocated e.g. by Tollmann (1982) or Franke et al. (2000) .
Across the whole studied area, these subvertical fabrics were heterogeneously overprinted by flat-lying metamorphic foliation predominantly dipping to the ~NW. Development of this second regional fabric resulted from subvertical shortening and lateral spreading of the partially melted rocks at mid-crustal levels. According to P-T estimates from the flat-lying fabrics in granulites, this episode proceeded at a depth of ~25 km. During the last stages of these fabrics formation, the central part of the Křišťanov granulite massif was intruded by durbachites of the Knížecí Stolec pluton at ~340 Ma. The intrusive contacts of the Knížecí Stolec pluton are partly discordant to the regional subvertical fabrics. However, transitional magmatic to HT subsolidus fabrics clearly recorded in the Knížecí Stolec pluton exhibit orientations comparable to the regional flat-lying fabrics in the surrounding units. This indicates that the emplacement of the pluton was synchronous with the vertical shortening on a regional scale (Verner et al. 2008) .
Superimposed structures, which are observed only in the W part of the studied area, are represented by heterogeneously developed, moderately to steeply NNE-dipping amphibolite-facies foliations. They exhibit subhorizontal stretching lineation and indicators of right-lateral kinematics (e.g. Brandmayr 1995; Verner et al. 2009 ). These structures, ascribed to the ‛Bavarian' phase of regional deformation (sensu Finger et al. 2007) , were dated by syntectonic granitoids and syn-metamorphic monazites at ~330-320 Ma (e.g. Kalt et al. 2000) . The Eisgarntype Plechý pluton (dated at 325 Ma; Siebel et al. 2008) partially recorded the ‛Bavarian' tectonic event during the final period of its solidification (Verner et al. 2009 ).
The southern part of the Plechý pluton was affected in the magmatic stage by the neighbouring right-lateral, NW-SE-trending Pfahl shear zone.
Conclusions
The results of airborne gamma-ray spectrometric measurements refine our knowledge of the distribution and extent of the main lithologies and, also in part, indicate the geochemical variability within the intrusive complexes. In contrast to the host granulites, the ultrapotassic Knížecí Stolec pluton is obviously distinguished on the basis of extremely high contents of Th and U. The locally decreased content of these elements in the Knížecí Stolec pluton is caused (besides the influence of humidity) by the abundance of granulite xenoliths/ stoped blocks, especially in the eastern part of this body.
The granites of the Plechý pluton show low Th (<10 ppm), fairly high U (3-6 ppm) and slightly elevated K (2-3.5 wt. %) abundances, indicating a subconcentric shape for much of the pluton. In addition, locally elevated Th and U contents in the western and southern parts of the Plechý pluton indicate the areal extent of more radioactive varieties of the Eisgarn granitoids.
The main rock complexes in the studied area are very uniform in terms of their magnetic properties. Only restricted magnetic anomalies were identified, located along the outer margins of the granulite massifs and within the mainly metasedimentary Monotonous and Varied groups. They are caused by the mostly elongated (ultra-) basic bodies, in the form of tectonic slices of mantle rocks, metabasites and Variscan intrusives.
The studied rocks indicate variability in the gravity field. The Plechý pluton is one of the most pronounced negative gravity anomalies in the Moldanubian Zone. Durbachites of the Knížecí Stolec pluton and metamorphic rocks of the Varied Group show a relatively higher gravity response, which is in contrast to the lower gravity effect of the granulite massifs.
The results of gravity modelling in combination with field structural analysis revealed an asymmetrical shape of the Knížecí Stolec pluton with a shallower intrusive contact in the N and steep intrusive boundary in the S. The presented gravity cross-section indicates a depth reach ~4 km below the present surface. The asymmetric shape of the pluton supports its syn-tectonic emplacement, coeval with the regional subvertical contraction and development of flat-lying fabrics. The boundary between the Křišťanov granulite massif and the Monotonous Group host rocks is steep and rimmed by elongated bodies of basic and ultrabasic rocks.
The gravity model combined with structural study implies a considerable depth of the exposed south Bohemian granulite massifs. It indicates their steep exhumation paths and excludes a model of the Moldanubian Zone as a sequence of flat-lying nappes.
Younger subvertical flattening related to development of flat-lying fabric in this part of the Moldanubian Zone only partially modified the shape of the granulite and durbachite bodies. Their shape was rather defined by the older, exhumation-related fabrics.
Only the SW part of the studied area was reworked by the NE-directed compression, during the so-called ‛Bavarian' phase. This deformation determined the structure of the Moldanubian Zone south of the Pfahl shear zone and was coeval with the emplacement of voluminous S to I/S granites, including the Plechý pluton. 
